Predation can provide both positive and negative effects on formation of social groups in rodents. On the basis of observational data of predation by the desert monitor lizard (Varanus griseus caspius) on the great gerbil (Rhombomys opimus), a social rodent of desert Central Asia, we predicted that in a year after a peak in prey density, when the abundance of terrestrial predators is still high, the group mode of life of a prey species might become disadvantageous. Social groups could advertise themselves and attract predators. We therefore hypothesized that the probability of predation would be higher for gerbils in outlying social groups than in groups closely associated with each other, in larger compared with smaller groups, and in groups with an active adult male compared with solitary females with no resident male. We also analyzed whether the survival of gerbils and the stress levels in adult and juvenile males were related to frequency of visits by monitor lizards at gerbil colonies (isolated systems of burrows used by gerbil groups of any size), distance between colonies, and size of social groups. We found that frequency of visits by the monitor lizard depended on distance to the nearest neighboring colony. The more distant the gerbil colony, the more visits by the lizard and the lower the survival of juveniles. We also found a positive correlation between concentration of fecal corticosterone in young males and frequency of monitor lizard visits at colonies. This pattern was not as pronounced in adult males. Results did not support the hypothesis that larger groups would have higher predation because frequency of predator visits, distances to the nearest occupied colonies, and survival of juveniles did not correlate significantly with the size of family groups. There was no difference in survival of juveniles in colonies occupied by single females compared with colonies in which an adult male was present. These results suggest that there is a possible trade-off between competing strategies of antipredator behavior and that factors other than predation are influencing gerbil survival.
make mistakes (confusion effect) when they attempt to catch prey that is in a large group (Landeau and Terborg 1986; Milinski 1979; Radakov 1973) .
Increased conspicuousness to predators, however, could be a cost of group living (Krause and Godin 1995; McGuire et al. 2002) . For instance, depending on the context, alarm vocalizations could expose members of a social group to predators (Cooper and Vitt 1991; Hoogland 1979; Sillen-Tullberg 1990) . Even if the regular function of a social group is to minimize predation, the grouping of prey might offer unique opportunities for certain predatory specialists, such as black-footed ferrets (Mustela nigripes) hunting black-tailed prairie dogs (Cynomys ludovicianus) in North America (Hoogland 1995) , marbled polecats (Vormela peregusna) hunting great gerbils in Central Asia deserts (Naumov and Lobachev 1975) , or weasels (Mutela nivalis) hunting voles (Microtus pennsylvanicus, M. ochrogaster- Madison et al. 1984; McGuire et al. 2002) . In addition, visual, acoustic, and chemical signals from the predator can induce physiological stress that reduces prey fitness (Blanchard et al. 1998; Cook 2002; Kavaliers et al. 2001; Morrow et al. 2002; Perrot-Sinal et al. 1999; PlataSalamán et al. 2000; Roy et al. 2001) . Stress induced by contacts with a predator or its cues mediates reproduction (Voznesenskaya et al. 2002) and influences state of health and survival (Scheuerlein et al. 2001) .
Formation of social groups and social interactions can be functions of population density, in which groups form more readily and are larger at higher densities and decrease and are smaller at lower densities (Ebensperger 2001; Getz et al. 1992) . A decrease of prey density might intensify predation pressure on prey groups simply because predator abundance decreases in association with a time lag with prey abundance (Berryman 1992) . A higher probability of predation on members of a social group can occur as predators find groups of prey more easily than they find solitary individuals. It might be to the prey's advantage, therefore, in times of low population density, to live solitarily to avoid predation and thus increase survival. Alternatively, in depressed populations of a prey species when distribution of social groups becomes irregular, the predation pressure on distant prey groups might become higher compared with groups in more densely packed areas, where confusion and dilution effects might prevail.
We examined effects of predation on the great gerbil (Rhombomys opimus), a social, diurnal, and mostly folivorous rodent (150-220 g) of desert Central Asia. Social groups of the great gerbil usually consist of an adult, territorial male, 1-3 adult females (up to 7 females in our study), and juveniles and subadults of previous litters (Dubrovsky et al. 1967; Kutcheruk et al. 1972; Naumov et al. 1972; Randall and Rogovin 2002; Randall et al. 2000; Rogovin et al. 2003a) . Adult females can also live separately with juveniles and subadults and are visited by adult males from time to time (Tchabovsky et al. 2001) . Territorial males sometimes sneak into the territory of a neighboring male and mate with the females there.
Each social group, including single female groups and groups with territorial males, uses a complex burrow area (traditionally named a colony by Russian zoologists) that consists of a system of interconnected underground tunnels, chambers, and a number of isolated tunnels connected by aboveground paths (Kutcheruk et al. 1972; Naumov and Lobachev 1975) . The colony area coincides with the group territory and is defended by adults of both sexes. Amicable social interactions are common among group members (Goltzman et al. 1977) . All adults participate in food provisioning, although the territorial adult male might dominate (Tchabovsky et al. 2001) . The male also actively scent marks the territory with secretions from a ventral scent gland, urine, and feces (Gromov 2000; Popov and Tchabovsky 1996) . The great gerbil has a complex system of antipredator behavior, including a well-developed system of alarm communication, consisting of both vocal and seismic signals (Nikolsky 1984; Randall and Rogovin 2002; Randall et al. 2000) .
The size of gerbil social groups is density dependent and smaller at lower than at higher population densities (Rogovin et al. 2003a) . A sparse and irregular distribution of gerbil groups is common for years of population depression, whereas in years of high abundance, social groups are densely packed and distances between occupied colonies are much smaller (Rogovin et al. 2003a) .
We used field observations of great gerbils in a year characterized by low density of gerbils and high density of a terrestrial predator, the monitor lizard (Varanus griseus caspius), to assess the relationship between predation pressure and group location, size, and composition. Because single females occur more frequently at lower densities (Tchabovsky et al. 2001 ), we were interested in determining whether these smaller groups were less susceptible to predation. We expected that in a year after a peak in density of prey, when abundance of terrestrial predators is still high, the group mode of life of a prey species might become less beneficial because social groups advertise themselves and attract predators. Thus, we predicted that predation and survival of juveniles and females would be higher for gerbils in outlying social groups than in groups closely associated with each other, in larger compared with smaller groups, and in groups with an active adult male compared with solitary females with no resident male. We also analyzed whether the stress levels in adult and juvenile males were related to frequency of predator attendance at gerbil colonies, group size, and colony location.
MATERIALS AND METHODS
Gerbils.-We monitored a population of the great gerbil in the southern Kyzylkum desert, 30 km south of Bukhara (Uzbekistan) in the Ecocentre Djzeiran reserve (648369-648439E and 398359-398409N) beginning in 1996 (Randall and Rogovin 2002; Randall et al. 2000; Rogovin et al. 2003a Rogovin et al. , 2003b . From 1996 to 1999, the population experienced an increase in density. In spring 1999, 94% of gerbil colonies (62 of 66 permanent burrow systems) were occupied; the mean density was estimated as 1.3 groups/ha. In spring 2000, a population depression began at the open areas (sandy plains dominated by perennial legumes and ephemeral annuals) and propagated to the woody areas (stabilized bump sands dominated by sparse wood of Haloxylon aphyllum) because of a drought and shortage of food resources. Mean population density decreased to 0.5 groups/ha, and gerbils occupied only 40% of the colonies (26 of 65). The depression continued into spring 2001, and mean density fell to 0.38 groups/ha. Only 23% of colonies (21 of 91) were occupied, and they were distributed unevenly and sparsely in open areas, but with relatively higher concentration in the woody area.
We marked and observed gerbils from 30 March to 17 May 2001 in a 56-ha area that included gerbil colonies entirely isolated from other settlements by unfavorable habitats. The total area of observation and documentation of gerbil colonies was about 105 ha.
We determined group membership by visual observations of individually marked gerbils and by occupation by gerbils of specific burrow areas. Because about 90% of gerbil activity was limited to areas with burrow entrances, we designated these as colony areas and calculated the areas as the territories for social groups. There were strong competitive (territorial) relationships between neighboring social groups that resulted in pronounced isolation of individual colonies (burrow systems in use).
We trapped individual gerbils in their respective groups with wire mesh live traps (30 Â 15 Â 15 cm) baited with sunflower seeds. Five to 15 traps, depending on group size, were placed within the colony area near visible burrow entrances (see additional information on trapping procedures in Rogovin et al. 2003a Rogovin et al. , 2003b . We weighed adult (born in the previous year or earlier) and juvenile gerbils (born in spring) with a spring balance (Pesola AG, Baar, Switzerland) and applied a numbered ear tag (Monel #1, Newport, Kentucky) to each ear for permanent identification. To facilitate identification of individual gerbils from a distance, we clipped light brown guard hairs on the backs and sides of gerbils to expose dark patterns in the underhairs. We attempted to catch and mark juveniles within the first 5 days after emergence from the burrow. To make trapping of juveniles more successful, we placed 8-12 traps in the form of a wall near entrances of the nest burrow with an adult female in a nearby trap. If visual observations showed that 1-3 young remained uncaught after the 5-day period following emergence, we classified these young as unmarked and trapped and marked them in later trapping sessions until we were reasonably sure we had marked and accounted for all gerbils in a particular colony.
We collected feces from the soil surface under the live traps of juvenile (n ¼ 24) and adult males (n ¼ 11) at 15 different colonies for assays of concentrations of corticosterone as a measure of stress. We sampled juvenile males weighing 90-120 g 1 month (30 6 3 days) after emergence. Body mass of adult males varied between 154 and 216 g.
We checked traps repeatedly within an interval of 1 h so that the fecal samples were taken within the 1st hour after capture. Because fecal steroids have a lag in response to changes in hormonal secretion (at least 2-4 h- Gerlinskaya et al. 1993; Harper and Austad 2000) , we consider corticosterone concentration in the fecal samples to reflect a normal, pretrapping endocrine status of animals (Rogovin et al. 2003a (Rogovin et al. , 2003b .
We observed gerbils in their respective social groups with binoculars between 0900 and 1200 h and between 1700 and 1900 h each day to estimate total group size and group composition. At least 20 observations were made by an observer who approached each colony during hours of greatest activity. We alternated time of approach to each colony by walking in different directions. To observe active gerbils, the observer stopped at each colony for 5 min at a distance of about 40 m from the gerbils.
We mapped the area with great gerbil colonies at a scale of 1:2,000 in 1999, using a compass and a map of vegetation made by G. I. Shengbrot in 1980. In spring 2002, we corrected the map with the use of GPS (Garmin-12, Olathe, Kansas). Distances between nearest neighboring colonies occupied by gerbils in spring 2001 were estimated from the map.
In 2001, there were 21 active colonies consisting of 11 adult males, 27 adult females, and 105 juveniles. Twenty-five females showed evidence of lactation at 20 colonies. Ten of 21 colonies consisted of solitary breeding females. The remaining colonies consisted of a resident male and !1 females. Adult males visited solitary females from time to time (and were observed there 25% of the time we observed the colony). Four males were at only 1 colony, 5 males at 2 colonies, and 2 males at 3 colonies. Such vagrant males distributed their activity unevenly among colonies. For instance, if a male was observed at 2 colonies, he was associated with 1 colony .50% of the time.
Juveniles remained within parental groups during the study period, and we observed no visible within-group antagonism among young gerbils or between young and adults. We never saw juvenile gerbils that had dispersed from the parental colony in the spring. To characterize survival, we counted juveniles by trapping and observing parental colonies 10 and 30 days after emergence. Survival of juveniles at 10 and 30 days after emergence was estimated at 18 and 15 colonies, respectively. We observed the 1st day of emergence of juveniles at 17 colonies. In the remaining 3 colonies, we observed females at a late stage of lactation, and we heard infants vocalizing in the burrows, presumably ready to emerge, although they did not. We included the above 3 cases in our analysis as groups with 0 juvenile survival. Data from 2 colonies were excluded from the data set because young emerged too late for us to follow their survival at 1 colony and the other colony was destroyed by ungulates.
Terrestrial predators.-Mammalian predators of great gerbils include marbled polecats, steppe cats (Felis chaus), and 2 species of foxes (Vulpes vulpes, V. corsac). Reptilian predators included snakes-sand boas (Eryx miliaris, E. tataricus), diadem snake (Spalerorosophis diadema)-and desert monitor lizards (Varanus griseus). In spring 2001, the monitor lizard was observed hunting at the burrows of gerbils much more than other terrestrial predators. Abundance of snakes had decreased drastically after 1999, and foxes and cats were rare. We saw marbled polecats hunting at gerbil burrows repeatedly in spring 2000, the year after a peak in density of gerbils. Individual color patterns in the fur allowed us to identify visually at least 4 adult polecats hunting on the 105-ha area in 2000, and 1 litter of 4 juvenile polecats was found. By spring 2001, the population of marble polecats had declined to such an extent that we observed polecat tracks only twice. From our observations, number of raptors (buzzards and harriers) also decreased after 1999 (with hourly averages of birds of prey sighted flying over gerbil colonies declining from 1.6 in 1999 to 0.8 in 2000 and to 0.3 in 2001). Thus, the monitor lizard was the main terrestrial predator in our study. Its local abundance appeared to be similar in spring 2000 and 2001, as noted by number of tracks and active lizards. Lizard densities seemed higher than in spring 1999, probably because of concentration of monitor lizards around colonies with rodents in years of prey depression.
The desert monitor lizard is a large, predatory lizard with a head-tobody length of 55-60 cm, tail length of 85-90 cm, and body mass up to 3.5 kg. Monitor lizards associate closely with great gerbil colonies, where they hunt gerbils, other lizard species, and even insects. In the Kyzylkum desert of Uzbekistan, the great gerbil has been reported as the main food of monitor lizards (Cellarius et al. 1991) . Thus, we consider the gerbil-monitor lizard association a good model for study of the relationship between a rodent prey and a terrestrial predator.
We determined number of visits by monitor lizards at 18 colonies by tracks left on plots of sand that had been smoothed near burrow entrances. We prepared and evenly distributed 5 smoothed plots (40 Â 40 cm) at each colony. The presence of monitor lizard tracks on at least 1 plot was considered a visit by the predator to the colony. We prepared plots in the morning and checked them in the evening for monitor lizard tracks. To estimate the frequency of predator visits, we divided the number of days we found monitor lizard tracks in sand plots by total number of days we visited the colony. Monitor lizards became especially active from mid-April after emergence of juveniles in colonies and with the beginning of warmer weather. We recorded lizard tracks from mid-April to mid-May. With the exception of tracks of 2 polecats, all tracks belonged to monitor lizards.
Steroids assay.-Concentrations of corticosterone in dry feces were measured by radioimmunoassay with the use of antibodies (anticorticosterone, rabbit antiserum, C8784; Sigma-Aldrich, St. Louis, Missouri) and labeled hormones ([1,2,6,7-H 3 ]corticosterone, Amersham, United Kingdom). Steroids were extracted according to Gerlinskaya et al. (1993) . This method had been validated for measurement of fecal corticosterone in herbivorous rodents and verified in studies on the water vole (Arvicola terrestris) and the bank vole (Clethrionomys glarelous- Gerlinskaya et al. 1993) . Zav'yalov et al. (2003) found a significant correlation (r ¼ 0.53, P , 0.05) between concentrations of corticosterone in blood plasma and feces collected before and after stressful stimuli in the bank vole.
We dried fecal samples at 30-408C and stored them in a closed test tube at room temperature. Dry feces (60 mg) were homogenized in twice-distilled water (3 ml) in a glass grinder. After centrifugation, supernatants were removed and stored at À208C until assayed. Supernatant (0.3 ml) was extracted with 3 ml ethyl ether; 2 ml of the extract was then removed, transferred to a new tube, and vacuum dried at 558C, and the residue was resuspended in 100 ll phosphate buffer, pH 7.4. Following the protocol of the manufacturer (Sigma), we added 500 ll diluted antiserum to the resuspended samples. After vortexing and 30 min incubation at room temperature, 100 ll 3 H-corticosterone diluted in phosphate buffer was added, and samples were incubated again for 1 h at 378C. After cooling in ice water, free and bound fractions of steroids were separated by 10-min incubations with 200 ll dextran-coated charcoal suspension and centrifuged at 2,000 Â g for 15 min at 48C. The supernatants from each tube were added to scintillation cocktails and counted on a liquid scintillation counter (Beckman, Fullerton, California).
The extraction yield, as determined for each set of assays with the use of 3 H-labeled corticosterone, varied from 70% to 76%. The assays were validated for use with extracts of gerbil fecal steroids by determining accuracy and parallelism. Sensitivity of the assay was determined from the 95% confidence interval of 0 standards that were 30 pg/tube. Inter-and intra-assay variations were 11.6% and 7.9%, respectively. To determine parallelism, a 5-point, 2-fold dilution series of fecal samples in phosphate buffer was prepared and compared with the standard curves of each steroid. There were no differences between slope of the standard curve and slope of the line generated from fecal samples of assayed gerbils. Regression coefficients for log logittransformed curves were nearly equal (standard, À2.79 6 0.15, r ¼ 0.983, n ¼ 13; fecal extract, À2.69 6 0.19, n ¼ 13, r ¼ 0.968).
Statistical analysis.-We used parametric statistics for data that fit the demand for normality. Distance between colonies was log transformed, and frequency of monitor lizard visits was transformed by log(q þ 1). To analyze relationships between frequency of lizard visits to colonies, distance to the nearest occupied colony, and social group size (maximum number of gerbils and number of adults in the group after emergence of juveniles), we calculated Pearson's productmoment correlations and partial correlation coefficients between 2 variables that remained after controlling for (partitioning out) the 3rd variable. Two-tailed Student's t-test for independent groups was used to compare frequencies of monitor lizard visits to colonies with and without an adult male. In all other cases, nonparametric statistical methods (Spearman's rank correlation and Mann-Whitney U-test) were used. We used Statistica 5.5 software (StatSoft Inc., Tulsa, Oklahoma) for calculations and graphics.
RESULTS
Predator visits.-Visits by monitor lizards were related to the location of colonies. We found that frequency of lizard tracks at occupied colonies was positively correlated with distance to the nearest neighboring colony. The greater the distance between gerbil groups, the more often lizard tracks were observed (r ¼ 0.74, t ¼ 4.38, n ¼ 18, P , 0.001; Fig. 1 ). This result suggested that there was a higher probability of predation at the periphery of an area, where colonies were spread out, than in the center, where colonies were dense and closer together.
We found no significant correlation between frequency of lizard tracks and size of groups consisting of adults and emerged juveniles (r ¼ À0.37, t ¼ À1.58, n ¼ 18, P ¼ 0.13) or between frequency of tracks and number of adult gerbils in the group (r ¼ À0.01, t ¼ À0.05, n ¼ 18, P ¼ 0.96). In further analyses, we found that the partial correlation coefficient between frequency of lizard visits and distance between colonies (with group size controlled) was significant and positive (r ¼ 0.69, t ¼ 4.02, n ¼ 18, P , 0.01), but group size was not related to distance to the nearest occupied colony (r ¼ À0.24, t ¼ À1.00, n ¼ 18, P ¼ 0.33). The r partials between group size and the distance between colonies, calculated with frequency of lizard visits controlled (r ¼ 0.05, t ¼ 0.18, n ¼ 18, P ¼ 0.86), and between group size and frequency of lizard visits, with distance controlled (r ¼ À0.29, t ¼ À1.16, n ¼ 18, P ¼ 0.26) were not significant.
Because adult males are very conspicuous when active at a colony as they store food, scent mark, and guard territories, presence of an adult male in a group might attract predators. We compared social groups with and without adult males and found no differences in the frequency of lizard visits (mean 6 
SE).
Groups without a male averaged 0.16 6 0.05 visits by lizards compared with 0.27 6 0.09 visits for groups with a male (log-transformed data, Student's t ¼ 1.01; d.f. ¼ 1, 16; n 1 ¼ 10; n 2 ¼ 8; P ¼ 0.32). There also was no significant difference in proximity of groups with and without adult males. Groups without a male averaged 87 6 21 m between groups compared with average distance between groups with a male of 163 6 78 m (log-transformed distances, Student's t ¼ 0.85; d.f. ¼ 1, 16; n 1 ¼ 10; n 2 ¼ 8; P ¼ 0.41).
Gerbil survival.-Survival of gerbils in social groups was related to the frequency of monitor lizard tracks: the higher the frequency of monitor lizard visits, the lower the survival of juvenile gerbils and adult females (Table 1) . Neither survival of juveniles nor all adults in the group was correlated with group size after emergence of juveniles, but female survival was correlated (P , 0.05; Table 1 ). There was no correlation between survival of juveniles and group size after exclusion of 3 colonies in which young died at emergence after 10 days (Spearman's R ¼ À0.19, n ¼ 15, t ¼ À0.70, P ¼ 0.50) or after 30 days (Spearman's R ¼ 0.08, n ¼ 12, t ¼ 0.26, P ¼ 0.80).
Distance to the nearest colony affected survival of juveniles and adult females but not adult males (Table 1) . The higher the survival, the less the distance to the nearest colony for juveniles and adult females at 30 days after juvenile emergence, but not at 10 days after emergence (Table 1) .
The presence of adult males did not affect survival of juveniles. We found no significant difference in the proportion of juveniles surviving between groups with an adult male (0.64 6 0.12) and in groups without an adult male (0.80 6 0.14) 10 days after juvenile emergence (Mann-Whitney U test: Z ¼
or in groups with a male (0.47 6 0.13) and without a male (0.56 6 0.19) 30 days after juvenile emergence (Mann-Whitney U test:
. There was no difference between groups with (0.85 6 0.06) and without adult males (0.87 6 0.06) when we compared survival of all group members (3 groups with nonemerged juveniles were excluded) at 10 days after juvenile emergence (Mann-Whitney U test: Z ¼ 0.18, n 1 ¼ 9, n 2 ¼ 6, P ¼ 0.85) and 30 days after emergence (groups with male: 0.52 6 0.13, groups without male: 0.73 6 0.09; Mann-Whitney U test:
Measurement of stress.-Presence of monitor lizards in the colony seems to stress juvenile, but not adult, male gerbils (Table 2) . We found a significant, negative correlation between concentration of fecal corticosterone and frequency of monitor lizard visits in juvenile males (90-120 g body mass) at 30 days after emergence. We also found a significant, negative correlation between concentration of corticosterone and group size for juvenile males (Table 2 ). There was no significant correlation between concentration of fecal corticosterone and frequency of monitor lizard visits or by group size in adult males (Table 2) . We also found no significant correlation between fecal corticosterone concentrations and distance to nearest neighboring colony among adult males or among juvenile males (Table 2) .
Because stress and survival of growing juveniles might be related to body mass, we compared the relationship between body mass and concentration of corticosterone in fecal samples collected at 30 days after emergence and found a negative and nonsignificant correlation (Spearman's R ¼ À0.25, t ¼ À1.22, n ¼ 24, P ¼ 0.23). Group size also was not significantly related to body mass of juvenile males (Spearman's R ¼ 0.29, t ¼ 1.44, n ¼ 24, P ¼ 0.16).
DISCUSSION
The primary goal of this study was to document effects of group size, composition, and location on probability of predation by monitor lizards on groups of a social gerbil. Although our interpretation of the results is limited because we did not know the number or distribution of monitor lizards, we did find, based on measurement of lizard tracks, a relationship between location and distribution of gerbil colonies and frequency of lizard visits and presumed predation. The more outlying gerbil colonies had more visits by lizards and lower survival of juveniles and adult females than colonies in more densely packed areas.
We can offer at least 3 explanations for evidence of higher predation in less dense areas and lower predation where colonies are denser. First, a dilution effect might occur within a dense association of gerbil groups because an individual has numerically less chance of being detected and killed (Foster and Treherne 1981; Inman and Krebs 1987; Wrona and Dixon 1991) . This explanation is reasonable if intraspecific competition causes individual monitor lizards to become evenly distributed so that they exert more pressure in areas of less prey density. On the other hand, it could be that lizards prey less in areas with a higher density of gerbil groups because the wellorganize alarm call system that communicates degree of risk and response urgency makes predation attempts less successful (Randall and Rogovin 2002) . Finally, the larger local number of colonies with active gerbils might function to confuse the lizard and cause it to make more errors in prey choice (Landeau and Terborg 1986; Milinski 1979; Radakov 1973) .
We expected predator pressure to be related to group size and composition and therefore hypothesized that larger groups would attract more predators than smaller groups and that litters of solitary females would be less prone to predator attacks compared with litters of females paired with a male. We found, however, no significant relationship between visits of monitor lizards and the size and composition of family groups. Furthermore, we found that group sizes were independent of location of a colony.
Although we predicted that groups with active males would attract predators, groups with males and those without adult males did not differ in the frequency of lizard visits, and litters of solitary females and females paired with males did not differ in survival. Thus, litters of solitary females were not less prone to predator attacks compared with litters of females in larger groups with a male. The significant correlation coefficients for adult females and positive signs for both juveniles and adult females probably point to the role of factors other than predation. For instance, better survival in some colonies can be a result of better local conditions, such as quality and quantity of food.
The independence of frequency of visits by monitor lizards and survival of gerbils with relation to group size and composition can be explained by the trade-off between competing factors. For instance, as was shown recently (Tchabovsky et al. 2001) , solitary females differ in individual behavior from females paired with a male. Solitary females are more vigilant, hoard more food, and feed (graze) less than females associated with a male. Juveniles of solitary females might win by being less conspicuous to predators, but they lose because they are deprived of benefits from the presence of an adult male.
Predators can affect survival of prey indirectly by causing stress. For instance, laboratory and domestic animals respond to the presence of predators or their odors with a short-term change in activity of the pituitary adrenocortical axis (Blanchard et al. 1998; Cook 2002; Kavaliers et al. 2001; Morrow et al. 2002; Perrot-Sinal et al. 1999; Plata-Salamán et al. 2000; Roy et al. 2001) . These effects of predator-induced stress are less well documented in wild populations (Scheuerlein et al. 2001 ). In our wild population of gerbils, we found a positive correlation between corticosterone concentrations in feces of young males and frequency of monitor lizard visits at colonies. At the same time, we did not find a correlation between concentrations of fecal corticosterone and the frequency of monitor lizard visits in adult males. Observations show that adult gerbils often survive at colonies occupied by monitor lizards, possibly because of the development of antipredator behavior that is not mediated by chronic stress. Adult gerbil males might respond similarly to adult male rats and show an acute, short-term response to the presence of predators with an increase in plasma corticosterone that would not affect basal corticosterone in feces (Plata-Salamán et al. 2000) . On the other hand, juvenile males probably had less experience with predators, which could result in chronic stress.
We also found that concentration of fecal corticosterone in juvenile males was negatively and significantly correlated with group size. One explanation for this finding could be that lower stress in larger groups is connected with better conditions, including wintering conditions, at the corresponding colony areas.
Results of this study are based on observational data and on correlation rather than causation. We are aware that such a descriptive approach limits interpretation. Factors other than predation, such as abundance and distribution of feeding resources, also play a major role in gerbil survival. Our data, however, show patterns that help to interpret both the direct and indirect effects of predators on behavior and survival of prey in natural populations.
